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METHOD AND SYSTEM TO DETECT ZERO
CURRENT CONDITIONS IN AN
ELECTRONIC BALLAST BY MONITORING
VOLTAGE ACROSS A BUCK INDUCTOR

BACKGROUND OF THE INVENTION

The present ivention relates generally to electronic bal-
lasts for gas discharge lamps. More specifically, this invention
pertains to electronic ballasts having circuitry to provide for
zero-current switching of the ballast switching transistors.

The operation of a gas discharge lamp requires, among,
others, a mechanism to control the current delivered to the
lamp. Initially, this role was satisfied by magnetic ballasts.
However, with the proliferation of integrated circuits, the
focus has turned to electronic ballasts to manage the opera-
tion of the lamp. The migration from magnetic ballasts to
clectronic ballasts 1s due, 1n significant part, to the increased
operational efficiency atlorded by electronic ballasts, relative
to magnetic ballasts.

The increased efficiency of electronic ballasts 1s attribut-
able to several factors, one key factor being the use of switch-
ing transistors to alter the frequency of the power signals
received from the power source, e.g. a standard 120 Volt, 60
Hertz wall outlet, before the power signals are delivered to the
lamp. However, using transistors to facilitate power delivery
to the lamp can also present efficiency challenges. Namely,
for optimal operating etficiency, transistors should be turned
on and off, 1.e. switched, under little, or more preferably, no
load. Thus, 11 a power signal, comprised of both a current
signal and a voltage signal, 1s present while the transistor 1s
switching, a power loss will occur. This leads to energy net-
ficiencies and 1s therefore undesirable. Consequently, switch-
ing the transistors when the voltage and current signals are
both zero ensures maximum switching efficiency.

Because of the transient and unpredictable nature of the
power signal, minimizing switching losses 1s not an easy task.
Numerous strategies have been employed to reduce these
losses. Integral to any strategy attempting to address this
problem 1s detecting current and/or voltage signals as at least
one must be known for any scheme desiring to reduce switch-
ing losses. For example, some strategies are based on moni-
toring and acting oif of the voltage signal alone. Unfortu-
nately, such a strategy has many deficiencies. One such
deficiency 1s that just because the voltage signal may be zero,
or at a minimum, does not necessarily mandate that the cur-
rent signal 1s also at a minimum. If both current and voltage
signals are not at their respective minimum values then the
switching efficiency 1s not maximized. Thus, strategies that
rely solely on the state of the voltage level present at the
transistor to reduce switching losses are not i1deal.

Another strategy 1s targeted at sensing zero current condi-
tions 1n the ballast, and more precisely at the switching tran-
sistors. Common schemes employing this technique often
require floating circuits (circuits without a connection to a
common ground or reference voltage). Floating circuits are
complex and, accordingly, costly and more prone to failure
than non-floating circuits.

Thus, what 1s needed 1s a circuit that can detect both zero
voltage and current switching conditions in an electronic
ballast so that switching losses can be reduced and/or elimi-
nated. Further, 1t 1s also desirable that such a circuit would be
reliable and inexpensive.

BRIEF SUMMARY OF THE INVENTION

To effectively reduce switching losses 1n electronic bal-
lasts, the status of the transistors providing power signals to
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the lamp(s) must first be known. However, directly monitor-
ing the power signals at the switching transistors 1s not a
trivial endeavor. In some cases, such monitoring may impair
the performance of the transistors and, more generally, the
clectronic ballast. However, monitoring the power signals
associated with the buck inductor, a component 1n the power
converter circuit driving the lamp(s), provides an accurate
representation of the power signals associated with/loading
the switching transistors, thereby indicating the switching
transistors’ status, without the deleterious effects mentioned
above.

The present invention 1s a system and method for deter-
mining the power conditions in an electronic ballast. More
particularly, the present invention monitors the voltage across
a buck inductor to determine when the current through the
buck inductor 1s at or near zero. If the current and voltage
associated with the buck inductor are known, then the current
and voltage conditions associated with the switching transis-
tors can reliably be extrapolated. Knowing when zero voltage
and current conditions are present permits the switching tran-
sistors to change operation (1.e. from non-conducting to con-
ducting and vice versa) under low or no load conditions and,
thereby, allows the electronic ballast to function more effi-
ciently and reliably.

STRUCTURE OF THE INVENTION

The present invention provides a rectifying circuit coupled
to the power supply circuit to generate a rectified version of
the voltage across the buck inductor (“rectified buck inductor
signal”). The rectifying circuit may sense the voltage across
the buck inductor via a winding magnetically coupled to the
buck inductor. Accordingly, changes 1n the current or voltage
associated with the buck inductor will be reflected in the
rectified buck inductor signal. For example, when there 1s no
current or voltage associated with the buck inductor, the mag-
nitude of the rectified buck inductor signal will be zero.

The present invention also includes a compensator circuit

coupled to the power supply circuit to generate a compensa-
tion signal. The compensation signal i1s responsive to the
rectified buck inductor signal. Thus, under certain buck
inductor power conditions, as indicated by the signal charac-
teristics of the rectified buck inductor signal, the compensa-
tion signal may be generated.

A comparing circuit 1s coupled to the rectifying circuit to
receive the rectified buck inductor signal (when present), to
the compensator circuit to receive the compensation signal
(when present), and to a reference signal generator to receive
a reference signal. The comparing circuit compares the ret-
erence signal to the rectified buck inductor signal, to the
compensation signal, or to a combination of the rectified buck
inductor signal and the compensation signal. The comparing
circuit generates a comparing circuit output signal that is
modulated by the result of the above-described comparisons.
In one embodiment, the comparing circuit includes a com-
parator. The comparing circuit output 1s directed to the power
supply circuit to mstruct the power supply circuit to alter 1ts
output to the lamps to enhance the efficiency and reliability of
the electronic ballast. Specifically, the power supply circuit
controls the operation of the lamp according to the comparing
circuit output, which indicates when the switching transistors
are not loaded—thereby increasing the eificiency and reli-
ability of the ballast by permitting the transistors to be
switched under no load conditions.

OPERATION OF THE PRESENT INVENTION

The operation of the invention 1s best explained through an
example, consider the following. In one preferred embodi-
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ment, during normal operation (1.e. a switching transistor 1s
on and conducting), the rectified buck inductor signal 1s pro-
vided to the comparing circuit. Under these conditions the
comparison between the rectified buck inductor signal and
the reference signal does not cause the comparing circuit to
change 1ts output—it 1s only desired to change the output of
the comparing circuit when both zero current and zero voltage
are detected in the buck inductor, a situation not present
during normal operation.

As the switching transistor 1s instructed to stop conducting,
the current through the buck inductor waill fall toward zero.
This results 1n the rectified buck inductor signal quickly fall-
ing to zero. It this were to occur, a comparison between only
the rectified buck inductor signal and the reference signal
would cause the comparing circuit to change its output and
istruct the power supply circuit accordingly. However,
although the magnitude of the rectified buck inductor signal 1s
temporarily zero or close to zero, there 1s still some current
associated with the buck inductor and, hence, immediately
changing the operational state of the switching transistors
(after the mndication from the falling rectified buck inductor
signal) would result in inefliciencies—the transistors would
still be loaded.

To combat this problem, the present invention utilizes the
compensator circuit to supply the compensation signal. Dur-
ing and immediately after this transitional phase, as the
switching transistor 1s changing states from conducting to
non-conducting, the compensation signal (or the combination
of the compensational signal and the rectified buck inductor
signal) prevents the comparing circuit from changing its out-
put.

After the switching transistor has stopped conducting, the
remaining current associated with the buck inductor will dis-
charge, which will be retlected 1n the buck inductor signal.
Accordingly, during this process, the compensator circuit will
continue to provide the compensation signal to the comparing
circuit to delay the comparing circuit from changing 1ts out-
put before the current in the buck inductor has fully dis-
charged. Next, with contributions from neither the rectified
buck inductor signal nor the compensation circuit, the com-
paring circuit will change 1ts output and direct the power
supply circuit to alter the operation of the lamp.

Because the method of the present invention has deter-
mined that both voltage and current are zero, and the transis-
tors are unloaded, switching efficiency can be increased. The
method of the present mvention also works to prevent false
triggering of the comparing circuit because the operation of
the comparing circuit 1s controlled by both the rectified buck
inductor signal and the compensation signal. If the compen-
sation signal 1s not present, the comparing circuit may be
triggered to change its output when the level of the rectified
buck inductor signal initially falls to zero, which 1s undesir-
able because of transient signals that remain 1n the ballast.
Further, the compensation signal must not be present after the
transient signals have discharged, as 1t 1s now desirable for the
comparing circuit to trigger.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 1s a block diagram of the present invention.

FIG. 2 1s a schematic drawing of one embodiment of the
present invention.

FIG. 3 1s a schematic drawing of another embodiment of
the present invention.
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FIG. 4 1s a flow chart describing a sequence of steps imple-
mented by one embodiment of the invention to determine
zero current conditions in the buck inductor.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates generally to electronic bal-
lasts for gas discharge lamps. More specifically, this invention
relates to an electronic ballast with a zero-current detection
circuit.

FIG. 1 1s a block diagram of a portion of an electronic
ballast 10. The block diagram illustrates a DC source 12
supplying power to the ballast 10. The DC source 12 may be
a generator providing a DC signal. The DC source 12 may
also describe the output of a rectifier circuit that accepts AC
signals from an AC source and converts them into substan-
tially constant DC signals. Further, the DC source 12 may
describe the output of a power factor correcting circuit (or
combination power factor correcting and boost circuit) that
accepts a DC signal input, usually from a rectifier circuit, and
generates a DC signal at a desired level and ensures that the
power Tactor of the AC source does not deviate from a prede-
termined range.

The DC source 12 1s coupled to a power converter circuit
14 (PCC), or inverter circuit 14. The PCC 14 accepts the
output from the DC source 12 and converts the DC signal into
a high frequency AC signal. This high frequency AC signal
passes through a low-pass filter circuit and becomes a low
frequency signal (e.g. 100 Hz-200 Hz) to drive the lamp(s).
The PCC 14 includes, typically, two or four switching tran-
sistors (four transistors corresponding to full bridge circuit)
that facilitate the conversion of the DC signals from the DC
source 12 1nto low frequency AC signals suitable to operate
the lamp(s).

FIG. 1 also depicts a Pulse Modulated and Driving Circuit
16 (PMDC). The PMDC 16 controls the operation of the
switching transistors in the PCC 14. Specifically, the PMDC
16 manages the switching transistors by modulating the dura-
tion of the conducting and non-conducting states of the tran-
sistors. This modulation functions to control the ultimate
operation of the lamp(s).

It 1s well known by those of ordinary skill in the art that
changing the operational state (i1.e. changing a transistor from
conducting to non-conducting or vice versa) while the tran-
sistor 1s loaded (1.e. a power signal with an appreciable signal
strength 1s present at the transistors) causes the transistor to
operate 1neificiently. Accordingly, 1t 1s desirable to switch
transistors under no load conditions to enhance the overall
elficiency of the electronic ballast.

To this end, the present mnvention provides a zero current
detection circuit 18. The zero current detection circuit 18
monitors the voltage across/current through a buck inductor
located 1n the PCC 14 (or another element 1n the PCC 14)
which 1s an excellent approximation of the load seen by the
switching transistors. Based on the power conditions associ-
ated with the buck inductor, the zero current detection circuit
18 can determine the current level through the buck inductor
so that the detection circuit 18 can inform the PMDC 16 when
the switching transistors are under no load conditions to per-
mit the PMDC 16 to efliciently change the operational state of
the transistors. The PMDC 16 and the PCC 14 may be col-
lectively referred to hereinafter as a power supply circuit 20,
driving circuit 20, or an iverter supply circuit 20.

Now that a general overview of the present invention has
been completed, a more detailed discussion of the structure
and operation of the mvention 1s 1n order. The power supply
circuit 20 1s operable to generate a switching control signal,
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also referred to as a transistor signal or an inverter control
signal. The switching control signal describes the signal con-
trolling the operation of the switching transistors 22 and 24.
Specifically, 1t describes when the transistor 22 or 24 1s con-
ducting or non-conducting, 1.¢. the switching transistor state.

A rectifying circuit 30 (also referred to as a rectifier 30 or
conditioning circuit 30) as shown in FIGS. 2 and 3, 1s coupled
to the power supply circuit 20 via a secondary winding 28
(FIG. 3). More particularly, the secondary winding 28 1s
magnetically coupled to the buck inductor 26 (a component of
the power supply circuit 20). However, the present invention
also envisages capacitive and resistive couplings between the
rectifying circuit 30 and the power supply circuit 20. In one
embodiment, the rectifying circuit 30 includes four diodes 32,

34, 36, and 38. As shown 1n step 80 of FIG. 4, the rectifying

circuit 30 provides a rectified buck inductor signal or a con-
ditioned buck inductor signal, at a rectifier output, which is a
rectified version of the buck inductor signal—the rectified
buck inductor signal 1s a DC conversion of the AC signal
associated with the buck inductor 26. Importantly, the recti-
tying circuit 30 accommodates rectification regardless of the
phase of the AC buck inductor signal.

The present invention also includes a compensator circuit
40 coupled to the power supply circuit 20. The compensator
circuit 40 generates a compensation signal for when the rec-
tified buck inductor signal 1s 1n a first low signal zone, which
will be explained 1n more detail below. The determination of
whether the compensation signal should be generated 1s
shown 1n FIG. 4, step 82. Thus, the compensator circuit 40
only provides the compensation signal in response to prede-
termined conditions of the rectified buck inductor signal.

In some embodiments, the compensator circuit 40 may
include a pulse generator 42 (or tracking source 42) with a
pulse output Vp (or tracking source output Vp) that provides
a pulse generator signal V pulse (also referred to as a tracking
source signal) representative of the switching control signal.
Preferably, the pulse generator signal has a phase that i1s
synchronized to the phase of the switching control signal.
However, 1n one embodiment, the pulse generator 42 may
only provide the pulse generator signal when the switching
control signal 1s 1n a predefined signal activation range, a
range that may be tied to frequency, amplitude and/or phase of
the switching control signal. The switching control signal
manages the operation of the switching transistors 22 and 24,
1.¢. conducting or non-conducting. The switching control sig-
nal 1s generated by the PMDC 16 or the power supply circuit
20, more generally. Control of the switching control signal 1s
important because the switching control signal must be prop-
erly managed to ensure that the switching transistors 22 and
24 only change operation while they are unloaded—thereby
mimmizing power loss associated with the switching process.

The compensator circuit 40 may also have a guarding cir-
cuit44. The guarding circuit 44 1s coupled to the generator 42,
the rectitying circuit 30, and the comparing circuit 54. The
guarding circuit 44 1s operable to generate a guarding circuit
signal or a charge storing signal. The guarding circuit 44 may
include a capacitor 46 or charge storing device 46 coupled to
the pulse generator 42, or more specifically the pulse output
Vp, to receive the pulse generator signal. The connection
between the pulse generator 42 and the capacitor 46, or the
first end of the capacitor 62, allows the capacitor 46 to be
charged by the pulse generator signal. Further, 1n one embodi-
ment, the pulse generator signal will charge the capacitor 46
only when a switching transistor 22 or 24 1s conducting (as the
pulse generator signal 1s synchronized or keyed-oif of the
switching control signal). In another embodiment, the capaci-
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6

tor 46 may also be charged by the rectified buck inductor
signal from the rectifying circuit 30.

The guarding circuit 44 may also include a voltage-con-
trolled switch 48, such as a diode 48, connected between the
capacitor 46 and the conditioning circuit 30. More precisely,
the anode 50 (or switch mput 50 or first switch end 50) of the
diode 48 would couple to the capacitor 46, or equivalently the
pulse output 60, and the cathode 52 (or switch output 352 or
second switch end 52) would couple to the output of condi-
tioning circuit 30 to recerve the rectified buck inductor signal.
In one embodiment, the cathode 52 couples to both the output
of conditioning circuit 30 and the input of a comparing circuit
54.

In a preferred embodiment, the discharge of the capacitor
46 (1.e. the generation of the guarding circuit signal or all or
some of the compensation signal) occurs when the pulse
generation signal becomes low, as the switching transistors
22 or 24 turn off. First and second low signal zones describe
ranges ol rectified buck inductor signal levels that indicate
low current or low voltage levels 1n/across the buck inductor
26. Recognizing the low current/voltage zones permits the
compensator circuit 40/guarding circuit 44 to generate the
compensation signal/guarding signal to prevent or help to
prevent the comparing circuit 54 from changing 1its output
while the switching transistor 22 or 24 1s loaded, or in other
words during the duration of the first low signal zone. The
capacitor 46 1s selected so as to ensure that a compensation
signal 1s available when needed during the first low signal
zone, but also to ensure that the capacitor 46 will fully dis-
charge through R1 to ground before the rectified buck induc-
tor signal discharges during the second low signal zone.

More specifically, the first low signal zone describes the
signal characteristics of the rectified buck inductor signal
seen upon a change in the operational state of the switching
transistor 22 or 24, from conducting to non-conducting.
Namely, during this period, the signal level of the rectified
buck inductor signal will quickly fall to zero, although some
current will still be associated with the buck inductor 26.
Because the transistor 22 or 24 1s not fully unloaded (i.e.
current still associated with the buck inductor 26), inefficien-
cies will result 1f the operational state of the transistor 22 or 24
1s altered. The first low signal zone describes this 1nitial drop
of the rectified buck inductor signal during an operational
change 1n the transistor’s switching state.

The second low signal zone describes the signal character-
1stics of the rectified buck inductor signal seen immediately
alter the first low signal zone. Particularly, after the change of
state has occurred, the remaining current associated with the
buck inductor 26 will begin to discharge and cause a tempo-
rary increase and subsequent fall (after the buck inductor 26
has discharged) 1n the signal level of the rectified buck induc-
tor signal. During this time the compensation signal 1s no
longer necessary to prevent the comparing circuit 34 from
changing 1ts output, as the discharge from the buck inductor
26 1s sullicient to perform the same function. Therefore the
capacitor 46 discharges through R1 to ground, and when the
remaining current in the buck inductor 26 1s discharged to
zero, the second low signal zone ends, and the comparing
circuit 54 1s free to change 1ts output.

FIG. 2 also shows the comparing circuit 54 or evaluation
circuit 34. The comparing circuit 54 i1s coupled to the recti-
tying circuit 30 to recerve the rectified buck inductor signal
and to the compensator circuit 40 to receive the compensation
signal (or, 1n one embodiment, guarding circuit signal). In one
embodiment, a reference source 36 1s also provided to gen-
erate a reference source signal Vr which 1s delivered, via a
reference source output 37, to the comparing circuit 54, or
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more specifically to a comparator 38 1n the comparing circuit
54. Further, in this embodiment, the reference source 56 1s
coupled to the second input of the comparator 66, and both the
conditioning circuit 30 and the cathode of the diode 52 are
coupled to the first input of the comparator 68.

The comparing circuit 54 compares the reference signal
with the rectified buck inductor signal, when present, and the
compensation signal, when present. According to the results
of the comparison, the comparing circuit 54 provides a modu-
lated comparing circuit output signal (or comparator signal)
Vsignal at the comparator output 59 to the imput of the power
supply circuit 20. The function of the comparing circuit 54 1s
depicted 1n FIG. 4, steps 84, 86, and 88. The power supply
circuit 20 alters the switching control signal 1n response to the
modulated comparing circuit output signal to change the
operational state of the switching transistors 22 and 24 so that
the transistors 22 and 24 switch under no load conditions to
increase their operational efficiency, as shown in FIG. 4 steps
90 and 92. It 1s also envisioned by the present invention that
the comparing circuit 54 base its output on a comparison
between only the relative values of the rectified buck inductor
signal and the compensation signal. Further, 1t will also be
appreciated by one of ordinary skill 1n the art that the com-
paring circuit 54 could perform 1ts intended function by
examining the absolute value of the rectified buck inductor
signal and/or the compensation signal 1n 1solation.

Now that all of the individual components of the present
invention have been introduced, 1t will be 1nstructive to detail
the operation of the invention 1n 1ts entirety. A tlow diagram
describing the operation of the present invention 1s given 1n
FIG. 4.

Consider one of the switching transistors 22 or 24 1s con-
ducting, as directed by the switching control signal. Accord-
ingly, there will be a voltage across/current through the buck
inductor 26 that will result 1n a rectified buck inductor signal,
via the rectitying circuit 30. Because the switching control
signal 1s causing a switching transistor 22 or 24 to conduct,
and the pulse generator 42 1s synchronized with the switching
control signal, the pulse generator 42 will provide the pulse
generator signal to the capacitor 46 which will charge the
capacitor 46. Depending on the signal level of the rectified
buck inductor signal, the voltage across the capacitor 46 may
or may not be suilicient to cause the diode 48 to conduct.
Thus, while a switching transistor 22 or 24 1s conducting, the
comparing circuit 34 will compare the reference signal from
the reference signal generator 56 with the rectified buck
inductor signal and, depending on the signal level of the
rectified buck inductor signal, possibly the compensation sig-
nal. Regardless, the output of the comparing circuit 54 will
not cause the power supply circuit 20 to change the state of the
switching transistor 22 or 24. Changing the switching state
would be undesirable as the transistor 22 or 24 would be
loaded and changing the operational state would result 1n
inelliciencies.

Now consider that the switching transistor 22 or 24 1s
turning off—changing from a conducting state to a non-
conducting state. This causes the signal level of the rectified
buck inductor signal to quickly fall, although the buck induc-
tor 26 has not discharged all of 1ts current. Moreover, as the
switching control signal 1s no longer informing the transistor
22 or 24 to conduct (and the pulse generator 42 1s synchro-
nized with the switching control signal), the pulse generator
42 will cease to provide the generator signal. Without a rec-
tified buck inductor signal of suificient magnitude (with
regard to the magnitude of the reference signal), the output of
the comparing circuit 34 would change resulting 1n an instruc-
tion to alter the conducting state of the transistor 22 or 24.
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However, as mentioned above, there 1s still some current
associated with the buck inductor 26 and, hence, the transistor
22 or 24 1s still loaded. Thus, changing the operational state of
the transistor 22 or 24 at this time 1s 11l advised.

To combat this (1.e. to stop the comparing circuit output
from changing before the current associated with the buck
inductor 26 has discharged), the compensation signal/guard-
ing circuit signal 1s provided and temporarily exceeds the
reference signal to cause the comparing circuit output signal
to remain constant. Specifically, the capacitor 46, which was
charged by the generator signal, discharges to hold the com-
paring circuit output signal constant as the discharge results in
a guarding circuit signal having a magnitude greater than that
of the reference signal. The temporary presence of the com-
pensation signal prevents the switching transistor 22 or 24
from changing operational states under load. These events
occur during the first low signal zone.

After the switching transistor 22 or 24 stops conducting,
the remaining current associated with the buck inductor 26
will begin to discharge. This discharge will be manifested by
a renewed surge of the rectified buck inductor signal. There-
fore, the rectified buck inductor signal holds the output of the
comparing circuit 34 until the buck inductor 26 has fully
discharged and without further assistance from the compen-
sation signal.

After this sequence, the compensation signal 1s absent (the
generator signal 1s not being provided as dictated by the phase
of the switching control signal and the capacitor 46 1s fully
discharged) and there 1s no rectified buck inductor signal as
both the current through and the voltage across the buck
inductor 26 are zero. Thus, the comparison between the ret-
erence signal and the compensation signal, the rectified buck
inductor signal, or some combination thereof results 1n a
change 1n the output of the comparing circuit 54. The change
in the comparing circuit’s output indicates that the switching
transistor 22 or 24 1s free to change 1ts operation under no load
conditions and the power supply circuit 20 acts accordingly.

Thus, although there have been described particular

embodiments of the present mvention of a new and useful
METHOD AND SYSTEM TO DETECT ZERO CURRENT

CONDITIONS IN AN ELECTRONIC BALLAST BY
MONITORING VOLTAGE ACROSS A BUCK INDUC-
TOR, 1t 1s not intended that such references be construed as
limitations upon the scope of this invention except as set forth
in the following claims.

What 1s claimed 1s:

1. An electronic ballast for a gas discharge lamp compris-

ng:

a power supply circuit comprising a buck inductor;

a rectifying circuit coupled to the power supply circuit to
provide a rectified buck inductor signal responsive to
voltage across the buck inductor, wherein the rectified
buck inductor signal has associated first and second low
signal zones, and further wherein each of the first and
second low signal zones corresponds to distinct power
conditions of the buck inductor;

a compensator circuit coupled to the power supply circuit
and to the rectitying circuit, and operable to provide a
compensation signal when the rectified buck inductor
signal 1s 1n the first low signal zone;

a reference source operable to provide a reference signal;

a comparing circuit coupled to the reference source, to the
rectifying circuit, and to the compensator circuit to
receive the reference signal, the rectified buck inductor
signal, and the compensation signal;

the comparing circuit operable to provide a comparing
circuit output signal that 1s modulated by comparisons
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between the reference signal, the rectified buck inductor
signal, and the compensation signal; and

the power supply circuit further comprising an input
coupled to recerve the comparing circuit output signal,
the power supply circuit being responsive to the com-
paring circuit output signal to control the operation of
the lamp.

2. The ballast of claim 1, wherein the compensator circuit
comprises a pulse generating source with a pulse output,
wherein the pulse generating source 1s operable to produce a
pulse signal at the pulse output.

3. The ballast of claim 2, wherein the power supply circuit
1s operable to generate a switching control signal, the power
supply circuit further comprising a switching transistor to
receive the switching control signal, and wherein the switch-
ing control signal has a phase and the pulse signal has a phase
synchronized with the phase of the switching control signal.

4. The ballast of claim 2, wherein the compensator circuit
comprises a capacitor coupled to the pulse output.

5. The ballast of claim 4, wherein the comparing circuit
comprises a comparator coupled to the compensator circuitto
receive the compensation signal, to the rectifying circuit to
receive the rectified buck inductor signal, and to the reference
source to receive the reference signal.

6. The ballast of claim 5, wherein the compensator circuit
turther comprises a voltage-controlled switch with a switch
input coupled to the pulse output and a switch output coupled
to the comparator.

7. The ballast of claim 6, wherein the voltage-controlled
switch 1s a diode.

8. An electronic ballast for a gas discharge lamp compris-
ng:

a driving circuit operable to generate a switching control
signal having a signal activation range and comprising a
buck inductor and a driving circuit input;

a conditioning circuit coupled to the buck inductor to pro-
vide a conditioned buck inductor signal representative of
voltage across the buck inductor, wherein the condi-
tioned buck inductor signal has associated first and sec-
ond low signal zones;

a generator coupled to the driving circuit and operable to
provide a generator signal when the switching control
signal 1s 1n the signal activation range, and wherein the
generator signal 1s representative of the switching con-
trol signal;

a guarding circuit coupled to the generator to receive the
generator signal and to the conditioning circuit to
receive the conditioned buck inductor signal wherein the
guarding circuit 1s operable to provide a guarding circuit
signal when the conditioned buck inductor signal 1s 1n
the first low signal zone;

an evaluation circuit coupled to the conditioning circuit to
receive the conditioned buck inductor signal and to the
guarding circuit to recerve the guarding circuit signal;

the evaluation circuit operable to provide an evaluation
signal to the driving circuit input, wherein the evaluation
circuit modulates the evaluation signal 1n response to
changes 1n the conditioned buck inductor signal and the
guarding circuit signal; and

wherein the driving circuit responds to changes 1n the
evaluation signal by altering the operation of the lamp.

9. The ballast of claim 8, wherein the switching control
signal has a phase and the generator signal has a phase
matched to the phase of the switching control signal.

10. The ballast of claim 8, wherein the guarding circuit
comprises a capacitor having a first capacitor end coupled to
the generator.
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11. The ballast of claim 10, wherein the guarding circuit
turther comprises a voltage controlled switch having a first
switch end coupled to the first capacitor end and a second
switch end coupled to both the conditioning circuit and the
evaluation circuit.

12. The ballast of claim 11, wherein the voltage controlled
switch 1s a diode having an anode coupled to the first capaci-
tor end and a cathode coupled to both the conditioning circuit
and the evaluation circuit.

13. The ballast of claim 12, wherein the evaluation circuit
comprises a reference voltage source and a comparator with a
first input coupled to both the conditioning circuit and the
cathode of the diode and a second 1nput coupled to the refer-
ence voltage source.

14. A method of operating an electronic ballast for a gas
discharge lamp, the electronic ballast having a power supply
circuit and a buck inductor, the method comprising;:

supplying a transistor signal, via the power supply circuit,
to a switching transistor to manage the operation of the
gas discharge lamp, wherein the transistor signal has a
transistor switching state;

generating a conditioned buck inductor signal representa-
tive ol voltage across the buck inductor, wherein the
conditioned buck inductor signal has first and second
low signal zones;

11 the conditioned buck inductor signal 1s 1n one of the first
and second low signal zones, providing a compensator
circuit signal, via a compensator circuit, to a comparing,
circuit;

comparing the conditioned buck inductor signal and the
compensator circuit signal with a reference signal via
the comparing circuit; and

modulating an input of the power supply circuit inresponse
to the comparison of the reference signal with the con-
ditioned buck 1nductor signal and the compensator cir-
cuit signal to control the switching transistor by altering
the transistor switching state to manage the operation of
the lamp.

15. The method of claim 14, wherein the compensator

circuit comprises a pulse generator.

16. The method of claim 15, wherein the transistor signal
has a phase and the pulse generator has a phase synchronized
with the transistor switching state of the transistor signal.

17. The method of claim 16, wherein the compensator
circuit comprises a capacitor.

18. The method of claim 17, wherein the capacitor 1s
coupled to the pulse generator.

19. A circuit for detecting zero current conditions 1n a buck
inductor in an 1verter supply circuit, wherein the imverter
supply circuit has an inverter input, an inverter output coupled
to switching transistors with a switching state, the inverter
supply circuit being operable to provide an 1nverter control
signal at the mverter output to control the switching state of
the switching transistors, the circuit for detecting zero current
conditions comprising:

a rectifier having a rectifier input coupled to the buck
inductor and a rectifier output, wherein the rectifier gen-
crates a rectified buck inductor signal at the rectifier
output representative of voltage across the buck induc-
tor, wherein the rectified buck inductor signal has first
and second low signal zones;

a tracking source having a tracking source mput coupled to
the inverter supply circuit, and a tracking source output,
wherein the tracking source generates a tracking source
signal at the tracking source output representative of the
switching state;
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a charge storing device coupled to the tracking source
output, the rectifier output, and operable to generate a
charge storing signal when the rectified buck mductor
signal 1s 1n the first low signal zone;

a reference source having a reference source output and
generating a reference source signal at the reference
source output;

a comparator with a first comparator input coupled to the
rectifier output to receiwve the rectified buck inductor
signal and to the charge storing device to receive the
charge storing signal a second comparator input coupled
to the reference source output to receive the reference
source signal, and a comparator output coupled to the
inverter mput; and

wherein the comparator generates a comparator signal at
the comparator output and the inverter input responds to

changes 1n the comparator signal by modulating the
iverter control signal to control the switching state of

10

15

the switching transistors to cause the switching transis- 50

tors to switch under zero current conditions.
20. An electronic ballast for a gas discharge lamp compris-

ng:

a power supply circuit comprising a buck inductor;

12

a rectifying circuit coupled to the power supply circuit to
provide a rectified buck inductor signal corresponding to
voltage across the buck inductor, wherein the rectified
buck inductor signal has first and second low signal
ZONEs;

a compensator circuit coupled to the rectifying circuit and
operable to provide a compensation signal when the
rectified buck inductor signal 1s 1n the first low signal
ZONe;

a reference source operable to provide a reference signal;

a comparing circuit coupled to the reference source and the
compensator circuit to recerve the reference signal and
the compensation signal;

the comparing circuit operable to provide a comparing
circuit output signal that 1s modulated by comparisons
between the reference signal and the compensation sig-
nal; and

the power supply circuit further comprising an input
coupled to receive the comparing circuit output signal,
the power supply circuit being responsive to the com-
paring circuit output signal to control the operation of
the lamp.
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